Background: Migraine is a disabling, chronic neurological disease leading to severe headache episodes affecting 13.2% of the Swedish population. Migraine leads to an extensive socio-economic burden in terms of healthcare costs, reduced workforce and quality of life (QoL) but studies of the health-economic consequences in a Swedish context are lacking. The objective of this study is to map the health-economic consequences of migraine in a defined patient population in terms of healthcare consumption, production loss and QoL in Sweden. Methods: The study is based on data from a web-based survey to members in the Swedish patients' association suffering from migraine. The survey was conducted in May 2018 and included people with migraine aged 18 years or older. The survey included questions on health resource consumption, lost production resulting from migrainerelated absenteeism and presenteeism, and QoL as measured by the EuroQol 5 dimensions questionnaire (EQ-5D-5 L) and the Headache Impact Test (HIT-6). The results are presented in yearly costs per patient and losses in quality adjusted life years (QALYs).
Background
Migraine is a disabling, chronic neurological disease characterized by severe headache episodes with throbbing pain in combination with nausea, vomiting, light sensitivity (photophobia) and sound sensitivity (phonophobia) [1] . 13 .2% of the Swedish population suffers from migraine and the disease is more common among women (16.7%) than among men (9.5%) [2] . In a previous study of the disease burden of migraine in Sweden, people with migraine had on average 1.3 migraine episodes per month, which lasted for 19 h on average [3] . A majority (65%) reported absence from school or work in the past year due to migraine and over 50% reported that migraine affected leisure time, family situation and work ability.
Chronic migraine (CM) is defined in accordance with the International Classification of Headache Disorders (ICHD-3) as at least 15 headache days per month, of which at least 8 with migraine [4] . Episodic migraine can be divided into low frequency and high frequency depending on the number of headache days per month where low frequency has been defined as 1-9 days a month and high frequency as 10-14 days per month [5] . About 1-2% of the general population is estimated to have CM [6] .
Migraine pharmacological treatment consists of both acute and preventive therapies. Acute drugs include paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs) and triptans [7] . Preventive drug treatments include beta blockers, angiotensin-2 inhibitors, antiepileptics, antidepressants and botulinum toxin type A [7] . Preventive treatment usually does not render the patient migraine free but can lead to reduced frequency of migraine days and milder symptoms.
Evidence-based nonpharmacological therapeutic alternatives for treating migraine include nutraceuticals (e g. riboflavin), invasive and non-invasive neuromodulation and different behavioural techniques and acupuncture [8] .
Several studies have shown that migraine leads to an extensive socio-economic burden in terms of direct costs, i.e. resources required for health care and treatment [9] , indirect costs, i.e. the value of the lost production resulting from migraine-related absenteeism and presenteeism (reduced productivity at work related to migraine) [10, 11] and reduced quality of life (QoL) [11] [12] [13] [14] [15] . An earlier European study has reported yearly health care costs related to migraine between € 500 and 3700 per person depending on country and migraine frequency [9] . The average societal cost of migraine in eight European countries has previously been reported to more than € 1200 per person and year where production loss accounted for the main part [10] . Previous studies show that the disease burden varies widely between different countries. However, studies analysing health-economic consequences in a Swedish context are lacking.
The primary objective of this study was to map the health-economic consequences of migraine in a defined patient population in terms of healthcare consumption, production loss and QoL in Sweden based on a survey of people with migraine. The secondary objective is to investigate how these consequences vary with the number of days of migraine and other background characteristics.
Method
A survey was conducted in May 2018. The Swedish patients' association, Huvudvärksförbundet, sent out a link to a web-page with the questionnaire to all members with a registered e-mail address, a total of 2894 individuals. Two reminders were sent. Inclusion criteria were having migraine (no specific diagnosis criteria) and being 18 years or older. The respondents were not reimbursed for their participation.
The web-based questionnaire was designed to include questions about age, gender, migraine duration, migraine frequency, diagnoses, number of visits to physicians and visits to other healthcare providers due to migraine, acute drug treatment and preventive drug treatment, sickness absence and QoL. QoL was measured by the generic instrument, Euro-Qol 5 dimensions -5 levels (EQ-5D-5 L) [16] , and a disease-specific instrument, HIT-6 (Headache Impact Test) [17] . The EQ-5D is widely used to measure health-related QoL in health economics analyses. Respondents were asked to assess their current health status using EQ-5D-5 L followed by a question on whether they currently suffered from a migraine episode or not. Depending on the response, the respondent was instructed to recall their last day with/without migraine and again respond to questions on the health status of that day using EQ-5D-5 L.
The number of health care visits and the use of preventive drug treatment were asked with a 12 month recall period while acute drug treatment and sickness absence were asked with a 4 week recall period. Due to the natural course of the disease which is characterized by "ad hoc" ictal phases it was assumed that it would be more difficult for respondents to recall their long-term use of acute drug treatment as well as sickness absence beyond a 4 week recall period.
The results are presented by number of migraine days per month using the following categories; 0, 1 1-3, 4-5, 6-7, 8-9, 10-14, 15-20 and 21-28 days. Health care costs were calculated by multiplying the resource use reported in the survey with unit prices from a regional price list for the Southern Health Care Region in 2018 [18] , which is one of the most detailed sources of information on the costs of health care resources in Sweden. Pharmaceutical costs were calculated according to AUP prices (retail/pharmacy-level prices) from Pharmaceutical Specialties in Sweden (FASS) [19] . The production loss due to short-term work absenteeism was calculated by multiplying days of sick leave by the sex-and age adjusted average wage including pay roll taxes in accordance with the human capital approach [20] . The production loss due to long-term work absenteeism was based on the assumption that respondents with migraine and long-term sick-leave would have had the same productivity as the general population (of corresponding age and sex) if they would have been free of migraine. Production loss due to reduced presenteeism was likewise calculated but multiplied with the point estimate from the VAS scale (from 0 to 10), where the respondent indicated to what extent productivity was reduced while working with migraine. The calculation of total yearly costs for acute drugs and production loss assumed that the 1-month period reported was representative for the rest of the year, thus multiplying the monthly cost with 12.
The loss of a Quality Adjusted Life Years (QALY) is calculated by multiplying QoL weights for a specific health state by the time spent in that health state. The loss in QoL considered both the loss caused by the chronic feature of migraine (interictal phase) and the loss caused by the migraine episode (ictal phase). Figure 1 illustrates this loss of a QALY related to migraine where the grey area illustrates the loss during the interictal state and the grey striped areas represent the QALY loss during ictal phases. The QoL weights used in this study are derived from Devlin et al. 2018 [21] . The QoL weights for the general population (baseline estimates) are derived from Dolan et al. 1995 [22] . The reason for different weights is that this study used the EQ-5D-5 L while the study of the Swedish general population [23] used the EQ-5D-3 L. Differences were assessed using t-test. A p-value below 0.05 was considered statistically significant.
An OLS (Ordinary Least Squares) regression was performed to identify predictors of costs and the loss of QALYs related to migraine.
All costs were calculated in Swedish krona (SEK), 2017 prices, and converted to Euros (SEK 1 = € 0.089).
Data management and statistical analyses were performed using STATA Statistical Software: Release version 14.2 College Station, Texas, USA.
Ethical approval for the study was obtained by the Regional Ethical Board in Lund in 2018 (Dnr 2018/347). Informed consent was obtained from all individuals included in the study.
Results
Out of the 2894 individuals who received the questionnaire, 795 individuals responded and met the inclusion criteria.
From those who responded 630 completed the questionnaire. The results in the study are based on the 630 answers. Table 1 presents background characteristics of the individuals included in the study. The average age of respondents was 50 years and the majority were women (87.8%). A majority (85.2%) of respondents had suffered from migraine for over 15 years. Nearly all respondents (96.4%) had been diagnosed by a doctor and almost half (46.5%) had been diagnosed with CM.
Over the last 4 weeks, 6.8% of the respondents had no days of migraine, 55.6% had 1-7 days and 37.6% had more than 8 days with migraine (Fig. 2) . Around 22.2% had CM based on self-reported number of migraine and headache days. Mean number of days with headache for all respondents was 12 days, including 7 days of migraine activity over the last 4 weeks. More than half of respondents had a migraine episode lasting less than 24 h. 52.9% of the respondents reported that last 4 weeks corresponded to an average month regarding migraine frequency, 30.4% reported it as a "better" month than average, and 14.3% that the last month was "worse" than an average month.
During the last 12 months, 44.8% of the respondents had visited a neurologist and 45.4% had visited a general practitioner in primary care. Almost one third of the respondents had visited a physiotherapist during the last 12 months. The most common examinations, related to migraine, were blood test and MRI (magnetic resonance imaging) ( Table 2) .
The health care costs varied between €800 for those with less than 4 migraine days per month and up to €4000 for those who had at least 15 migraine days per month. The costs for visits to emergency rooms and inpatient days were almost exclusively accounted for by patients with migraine at least 15 days per month. The most common acute drug was sumatriptan followed by paracetamol. The most common preventive drug was botulinum toxin type A (e.g. Botox®), used by 39.7% of respondents. 35.4% of the respondents indicated that they were not satisfied with their treatment, while 25.9% responded that they were satisfied. A majority (56.0%) had changed drug treatment or terminated treatment at least once, and 27.0% had changed drug treatment or terminated treatment at least three times.
Among all respondents with an employment or with self-employment 76.2% (n = 366) reported sick leave at some point during the last 12 months. On average, the respondents had reported 22 days of sick leave during the last 12 months. Eighty-nine percent (n = 429) stated that they worked in average 30 days while having migraine (presenteeism) during the last 12 months. In addition to the reported short-term sick leave, 17.9% of all respondents reported long-term sick leave. The total production loss increased with the number of migraine days.
The total cost per patient and year increased with the number of migraine days per month (Fig. 3) and varied between €5000 and €24,000 per year. The average total cost per patient and year for all respondents amounts to €10,790. Indirect costs represented the main part of the costs, about 80%. The average total cost per patient and year for respondents with chronic migraine (defined as at least 15 headache days per month, whereof at least 8 days with migraine) was almost three times higher compared to the average total cost per patient and year for respondents with episodic migraine (€21,782 vs. €7598, p < 0.001). Both the number of headache and migraine days had a statistically significant impact on the total cost per person and year (p < 0.01). Other variables associated with total cost included age, employment, chronic migraine diagnosis and treatment with botulinum toxin (Additional file 1).
The difference in reported QoL between a day with and without migraine was 0.36 (p < 0.001) ( Table 3) . As showed in Table 3 , the difference was less for those who responded to the questionnaire while having migraine (observable) compared to them who responded while not having migraine, thus recalling their health status the last day with migraine (retrospective).
The average loss in QALYs per person and years increased with the number of migraine days per month and varied between 0.019 and 0.259 QALYs (Fig. 4) . The total average loss in QALYs per person and year was 0.10 and significantly higher for respondents with chronic migraine compared to respondents with episodic migraine (0.25 vs. 0.06, p < 0.001). The increase was most noticeable for the loss during the time without migraine episode (interictal state). The increase in the loss due to migraine episodes was limited because the baseline QoL (i.e. during a day without a migraine episode) for respondents with frequent migraine was already low. Both the number of headache and migraine days had a statistically significant impact on the loss in QALYs per person and year (p = 0.002, p = 0.023, data in Additional file 1). Migraine duration (%) 
Discussion
This study shows that migraine leads to significant societal costs and loss of QoL. The average total cost per person and year was €10,790 and the average total QALY-loss per person and year was 0.10. The results of the analyses also show that both costs and loss in QoL increase with the number of headache and migraine days. Chronic migraine was associated with significantly higher cost, €21,782 vs. €7598, and QALY-loss, 0.25 vs. 0.06, compared to episodic migraine. A major strength of the study is that long-term consequences of migraine in terms of long-term reduction of productivity and QoL is captured. To our knowledge it is also one of the first studies analysing the health-economic consequences of migraine for a Swedish context. The study differs from earlier studies considering health-economic aspects of migraine in that almost all respondents had been diagnosed by a doctor.
Almost all respondents had been diagnosed with migraine by a doctor according to their self-reported answer. A previous study showed that only about 50% of the respondents with self-reported migraine had received a diagnosis from a doctor in Sweden [3] . Although diagnosis frequency may have increased, the results of this study are likely not generalizable to the whole group of migraine patients. However, diagnosed patients are the primary candidates for new treatments and the results are therefore still relevant for future health economic analyses. The migraine diagnosis could not be checked or verified. However, provided that the respondents had joined a patient organization for headache disorders it is reasonable to assume that most of them had been diagnosed by a doctor. There may be additional selection bias since the sample was identified from a patient organization, which may include the more active participants and/or individuals with more severe migraine. The proportion of people with diagnosed CM or a migraine duration of at least 15 years was also found to be significantly higher than stated in other studies [3, 10] . The response rate may seem extremely low (22%). However, the questionnaire was sent to all members of Huvudvärksförbundet which includes individuals with different kinds of headache disorders. The real response rate could not be calculated since there were no information on the number of members with migraine. This study is retrospective, i.e. respondents reported migraine experience, resource consumption and QoL for a period back in time. This implies a risk of recall bias which suggests caution in the interpretation of results. For example, in the QoL reporting there may be a recall bias in those with low frequency (e.g. if the last migraine day occurred some weeks before) as well as in those with high frequency (e.g. if the last day without migraine occurred weeks before). However, half of respondents reported that they used a migraine diary. Almost all reported at least one migraine day during the last 4 weeks. Information on headache and migraine frequency during the last 4 weeks was expanded to the entire year. This may cause some bias due to the migraine variability over time. For a majority (85%) the last 4 weeks had been as good or better than an average month, which means that the estimation is likely to be an underestimation. There might also be a risk of bias in the QoL calculation as the reporting of both observable and retrospective EQ-5D might magnify the difference between the ictal and interictal phases, i.e. people might underestimate their QoL at the last attack compared to the current non-migraine day. The comparison of observable and retrospective responses demonstrated that observable responses gave a lower decrease in QoL. This result is consistent with the difference reported in other studies measuring QoL hypothetically (ex ante) [22] and observable (ex post) [24] . The hypothetical QoL is generally considered more relevant to decision making since it is assessed in a situation before suffering while the observable assessment implies an adaptation to the health state. The weights used for the baseline health state (assumed to correspond to age-and sex adjusted QoL reported for the Swedish general population) were different from the weights used for the ictal and interictal phases. This may have caused some bias in the estimation of the QALY loss during the time without a migraine episode (interictal phases). Since there are no studies using EQ-5D-5 L for the Swedish general population, it is difficult to estimate to what extent this is a source of bias. However, the utility weights used were relatively high (between 0.74 and 0.91) and studies comparing different types of weights do not find much differences at this level [25] .
In our study, the annual healthcare cost of CM was estimated to around € 3668 per person and the annual cost of episodic migraine was estimated to approximately € 1331. The results are in the upper range of results reported in a previous European study by Bloudek et al. 2012 , covering data from the UK, France, Germany, Italy and Spain [9] , [10] . One reason for this substantial difference may be that both our and the study by Bloudek et al. included more respondents with a more severe type of migraine. Our study addressed members of the patient association, Bloudek et al. addressed a stratified sample of an internet panel who The loss in QoL related to a migraine episode has previously been investigated with EQ-5D in the United States (US) [15] and the United Kingdom (UK) [13] . The US study allowed respondents to complete the EQ-5D during a migraine episode and a day after treatment initiation. The loss in QoL was 0.14 for those with mild migraine, 0.19 for those with moderate migraine and 0.49 for those with severe migraine. In the UK study, people with migraine retrospectively completed EQ-5D for different levels of severity during one single migraine episode resulting in a loss in QoL of 0.21 for mild migraine, 0.34 for moderate migraine and 1.07 for severe migraine. In our study, the loss in QoL was estimated to 0.36. Based on HIT-6, the people who answered in our study had a severe form of migraine. This loss in QoL is lower than in the US and the UK. For the US study, this might be explained by the fact that the respondents assessed their QoL 1 day after initiation of treatment. Possibly, the QoL is then perceived higher than in general due to the current pain relief. In the UK study, the respondents assessed their QoL at a time of the migraine episode when feeling the worst. In our study, respondents reported QoL during a whole migraine episode. Comparisons between countries should however be interpreted with caution as they often differ due to other reasons.
Conclusions
This study shows that migraine represents a significant burden on society and the individual and that there is a need for new and better treatment options in migraine. Both costs and loss in quality of life increases with the number of migraine days. Thus, there is potential for both cost savings and quality of life benefits connected with a reduction in the number of headache and migraine days. 
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